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Abstract 

The presence of lymph node metastasis is an important prognostic factor for patients with esophageal 
cancer. Accurate assessment of lymph nodes in thoracic esophageal carcinoma is essential for selecting 
appropriate treatment and forecasting disease progression. Positron emission tomography combined 
with computed tomography (PET/CT) is becoming an important tool in the workup of esophageal 
carcinoma. Here, we evaluated the effectiveness of the maximum standardized uptake value (SUVmax) 
in assessing lymph node metastasis in esophageal squamous cell carcinoma (ESCC) prior to surgery. 
Fifty-nine surgical patients with pathologically confirmed thoracic ESCC were retrospectively studied. 
These patients underwent radical esophagectomy with pathologic evaluation of lymph nodes. They all had 
^*'F-FDG PET/CT scans in their preoperative staging procedures. None had a prior history of cancer. The 
pathologic status and PET/CT SUVmax of lymph nodes were collected to calculate the receiver operating 
characteristic (ROC) curve and to determine the best cutoff value of the PET/CT SUVmax to distinguish 
benign from malignant lymph nodes. Lymph node data from 27 others were used for the validation. A total 
of 323 lymph nodes including 39 metastatic lymph nodes were evaluated in the training cohort, and 117 
lymph nodes including 32 metastatic lymph nodes were evaluated in the validation cohort. The cutoff point 
of the SUVmax for lymph nodes was 4.1, as calculated by ROC curve (sensitivity, 80%; specificity, 92%; 
accuracy, 90%). When this cutoff value was applied to the validation cohort, a sensitivity, a specificity, and 
an accuracy of 81%, 88%, and 86%, respectively, were obtained. These results suggest that the SUVmax 
of lymph nodes predicts malignancy. Indeed, when an SUVmax of 4.1 was used instead of 2.5, FDG-PET/ 
CT was more accurate in assessing nodal metastasis. 
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Fluorodeoxyglucose positron emission tomography (FDG PET) 
combined with computed tomography (CT) is now becoming a 
standard for staging esophageal carcinoma by detecting distant 
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metastases. However, diagnosing lymph node metastasis is often 
difficult from its size and maximum standardized uptake value 
(SUVmax)'^'. The predictive value of PET/CT in primary staging in 
patients with esophageal carcinoma is under discussion. For patients 
with esophageal carcinoma, the presence of lymph node metastasis 
is an important prognostic factor: the prognosis of patients with lymph 
node involvement is dramatically worse than patients without'^'. 

Accurate assessment of locoregional lymph nodes in thoracic 
esophageal carcinoma is more complex but essential for selecting 
appropriate treatments and forecasting disease progression. 
Locoregional lymph nodes encompass any paraesophageal lymph 
nodes, from the cervical nodes down to the celiac nodes. Since 
2005, PET/CT has become a mainstay for evaluating patients 
with potentially resectable esophageal carcinoma'^'. The degree 
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of metabolic activity within the tumor is measured according to the 
SUVmax. Most malignant tumors have an SUVmax greater than 
2.5'"'^'. Several studies, including a recent meta-analysis'^', have 
suggested that tumors with an elevated SUVmax tend to be more 
aggressive and to be associated with a worse survival"'*'. However, 
the best cutoff value for SUVmax with which to accurately assess the 
status of regional lymph nodes is still under debate. 

SUVmax on FDG PET/CT imaging can be used to predict 
mediastinal lymph node status preoperatively for patients with 
thoracic esophageal carcinoma. Several studies have recommended 
different SUVmax cutoff, ranging from 2.5 to 5.3, for mediastinal 
lymph nodes'^'. Therefore, the aim of this study was to determine 
the best cutoff value for SUVmax on '"F-FDG PET/CT for predicting 
malignant regional lymph node status in patients with thoracic 



esophageal squamous cell carcinoma (ESCC) and to apply it to a 
validation cohort to test the accuracy of the cutoff value obtained. 

Patients and Methods 

Patient selection 

In this mono-institutional retrospective study we included patients 
with surgically resected ESCC and divided them into a training cohort 
of 59 patients (44 men and 15 women), with a median age of 63 
years (range, 47-83 years), and a validation cohort of 27 patients 
(19 men and 8 women), with a median age of 64 years (range, 
48-79 years), to test and validate the results obtained. Table 1 
summarizes the clinicopathologic characteristics of the patients with 



Table 1 . Clinicopathologic characteristics of the patients with esophageal squamous eel 


carcinoma in training and 


validation cohorts 






Variable 


Training cohort (/7= 59) 


Validation cohort (/?= 27) 




Sex (cases) 










Female 


15 


8 






Male 


44 


19 




Age at diagnosis (years) 






Median 


63 


64 


Range 


47-83 


48-79 




Esophagus section (cases) 










Upper third 


5 


3 






Middle third 


37 


20 






Lower third 


1 / 


4 




Pathologic T category (cases) 






Tis 


2 


0 


T1 


5 


3 


T2 


13 


3 


T3 


35 


19 


T4a 


4 


2 




Pathologic N category (cases) 
NO 


29 


8 






I\I1 


19 


11 






I\I2 


11 


8 






N3 


0 


0 




Pathologic M category (cases) 
MO 


59 


27 


M1 


0 


0 




Clinical staging (cases) 










0 


2 


0 






lA 


2 


0 






IB 


3 


1 






IIA 


12 


5 






MB 


16 


6 






IIIA 


11 


5 






NIB 


10 


8 






NIC 


3 


2 
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ESCC in the training and validation cohorts. All patients were referred 
to '°F-FDG PET/CT for initial staging. Other staging procedures 
included physical examination, laboratory tests, bronchoscopy, 
esophagogastroduodenoscopy, and optional CT from the neck to 
the upper abdomen. The exclusion criteria included the following: 
patients with history of other cancers; patients who did not undergo 
''F-FDG PET/CT examination; and patients with cancer of the 
esophagogastric junction or with histologic type other than ESCC. 
All patients underwent radical esophagectomy at the Department of 
Thoracic Surgery, Sun Yat-sen University Cancer Center, between 
June 2005 and December 2011 for the training cohort and in 2012 
for the validation cohort. Written informed consent was obtained from 
each patient before undergoing the examination. The study protocol 
was approved by the Institutional Review Board. 

PET/CT imaging and SUV measurements 

"F-FDG PET/CT scans were obtained with an advanced 
integrated PET/CT scanner (GE Discovery ST-16 PET/CT System; 
Wisconsin, USA). All patients fasted for at least 6 h before the PET/ 
CT examination. PET/CT images were obtained from the head to the 
upper portion of the thigh 60 min after intravenous injection of the 
tracer. Blood glucose was measured for all diabetic patients to ensure 
that it was within acceptable limits (subcutaneous insulin injection 
was administered when necessary). SUVmax was assessed on the 
Xeleris® PET/CT workstation (GE Healthcare) according to the rule 
of the region of interest (ROI). A team of nuclear medicine physicians 
together with thoracic surgeons interpreted the "F-FDG PET/CT 
images and recorded the number, size, SUVmax, character, and 
precise location of all detectable lymph nodes. Data obtained were 
then matched with the postsurgical pathologic report to confirm lymph 
node status. When there was a discrepancy between interpretations, 
a consensus was reached by discussion. The sensitivity specificity 
positive predictive value, negative predictive value, and accuracy of 
FDG PET/CT for diagnosing malignant lymph nodes were calculated. 



Data analysis 

The software package SPSS v17.0 (SPSS Inc., Chicago, IL, USA) 
was used to perform statistical analysis. The pathologic status and 
SUVmax of mediastinal lymph nodes were collected for calculating 
the receiver operating characteristic (ROC) curve and determining the 
cutoff value for SUVmax. Wilcoxon-Mann-Whitney test, chi-square 
test, and Student's f-test were performed for significance. Box-and- 
whisker plots of SUVmax were drawn for statistical summary. The P 
values of <0.05 were considered statistically significant. 

Results 

A total of 323 lymph nodes including 39 metastatic lymph nodes 
were evaluated in the training cohort, and 117 lymph nodes including 
32 metastatic lymph nodes were evaluated in the validation cohort. 

SUVmax for pathologically positive and negative 
lymph nodes and the cutoff value for diagnosis 
(training cohort) 

SUVmax was measured for each lymph node and compared 
with the results of histopathologic examination. The median SUVmax 
values of pathologically negative and positive lymph nodes were 1 .6 
(range, 0.4-11.3) and 5.4 (range, 1.1-17.8), respectively (Figure 1). 
A ROC curve was drawn to determine the cutoff value for SUVmax 
at which sensitivity and specificity were the highest. As shown in 
Figure 2, the best combination between sensitivity and specificity 
and thus the highest accuracy to distinguish benign from malignant 
lymph nodes, occurred at an SUVmax cutoff value of 4.1 (sensitivity, 
specificity and accuracy of 80%, 92%, and 90%, respectively). 

To compare the sensitivities and specificities of FDG PET/CT 
we used several cutoff values for FDG PET/CT-based SUVmax: 1.1, 
for which the sensitivity was 100%; 2.5, which is conventional'"'; 
4.1, which was calculated from the ROC curve; and 6.3, the mean 
SUVmax of pathologically positive lymph nodes (Table 2). The 
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Figure 1 . Box-and-whislcer plots of 
maximum standardized uptaice vaiue 
(SUVmax) for pathoiogic status of 
iymph nodes (training cohort). The 

horizontal line in each box represents 
the median SUVmax. 
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1 -Specificity (%) 



Figure 2. Receiver operating characteristic 
(ROC) curve for diagnosis of lymph node 
metastasis with fluorodeoxyglucose positron 
emission tomography combined with 
computed tomography (training cohort). The 
blue line is the ROC curve from the training 
cohort (SUVmax), and the green line is the 
reference line. 



Table 2. Comparison of the diagnostic modalities of FDG PET/CT and validation using different cutoffs of maximum 
standardized uptake value (SUVmax) 



SUVmax cutoff value Sensitivity ("/ 


) Specificity (%) 


Accuracy (% 


) Precision (%) 


NPV (%) 


FNR (%) 


FPR (%) 


LR* 


LR" 


Tralnlyg cohort (FDG PET/CT) 


















1.1 100 


18 


28 


14 


100 


0 


82 


1.22 


0.00 


2.5 87 


74 


76 


32 


98 


13 


26 


3.39 


0.17 


4.1 80 


92 


90 


56 


97 


23 


9 


9.10 


0.25 


6.3 36 


98 


90 


70 


92 


64 


2 


16.99 


0.65 


Validation cohort 
4.1 81 


88 


86 


72 


93 


19 


12 


6.91 


0.21 



FDG PET/CT, fluorodeoxyglucose positron emission tomography combined with computed tomography; NPV, negative predictive value; FNR, false 
negative rate; FPR, false positive rate; LR*, likelihood ratio positive; LR", likelihood ratio negative. 



cutoff points of SUVmax 2.5 and 4.1 yielded the highest sensitivity, 
specificity, accuracy, and positive predictive value. When all of 
these parameters were considered a whole, the SUVmax cutoff of 
4.1 performed the best. In the validation cohort, the SUVmax of 4.1 
yielded a sensitivity of 81 %, a specificity of 88%, and an accuracy of 
86%. 

Table 3 displays the pathologic status of lymph nodes detected 
on FDG PET/CT scans according to their SUVmax. Most of the 
metastatic lymph nodes had an SUVmax 5=4.1, whereas the vast 
majority of non-metastatic lymph nodes had an SUVmax cutoff value 
ranging from 0.0 to 2.0. The differences observed were statistically 
significant (P < 0.001). This table also shows the distribution of 
malignant lymph nodes (n = 39) according to their SUVmax and 
nodal diameter on FDG PET/CT images. For malignant lymph nodes 
^10 mm and > 10 mm in diameter, 81.3% (13/ 16) and 73.9% (17/ 
23), respectively, had an SUVmax ^ 4.1 (Table 3). 



In 323 lymph nodes that were detected in the training cohort, the 
mean SUV of the malignant lymph nodes was 6.3 (n = 39; range, 
1.1-17.8), and the mean SUV of the benign lymph nodes was 
2.1 (n = 284; range, 0.4-11.3). The difference between the SUVs 
was statistically significant (P < 0.001). The mean maximum axial 
diameters of the malignant lymph nodes were 10.5 mm (range, 
4.0-18 mm). 

Sensitivity, specificity, and accuracy of SUVmax 
at selected lymph node sites in the training 
and validation cohorts 

We calculated the sensitivity, specificity, and accuracy of SUVmax 
in characterizing lymph node status at selected lymph node sites 
(Table 4). High sensitivity was noted for all selected lymph node sites 
in the training cohort, and better specificity and accuracy were yielded 
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Table 3. Lymph node status according to SUVmax and distribution of malignant lymph nodes (LNs) according to 
SUVmax and their diameter 

SUVmax 



Parameter — 


0.0-2.0 


2.1-4.0 


=s 4.1 


Total 


Pathologic status of detected LNs 










Metastatic 


4 


5 


30 


39 


Non-metastatic 


184 


73 


27 


284 


Total 


188 


78 


57 


323 


Diameter of malignant LNs (mm) 










sS 10 


1 


2 


13 


16 


>10 


3 


3 


17 


23 


Total 


4 


5 


30 


39 



Table 4. Sensitivity, specificity, accuracy, and positive predictive value for different SUVmax cutoff values on FDG 
PET/CT scans In assessing lymph nodes at different sites 



Site 



Number of LN 



Cutoff value 
of SUVmax 



Sensitivity 
(%) 



Specificity 

(%) 



Accuracy 
(%) 



PPV 

(%) 



Training cohort 














Paraesophageal tissues 


50 


2.5 


92 


54 


64 


41 






4.1 


85 


89 


88 


73 


RRLN 


19 


2.5 


100 


82 


84 


40 






4.1 


100 


94 


95 


67 


Subcarinal tissues 


67 


2.5 


100 


59 


60 


4 






4.1 


100 


85 


85 


9 


Cardia 


18 


2.5 


100 


93 


94 


75 






4.1 


100 


100 


100 


100 


LGA 


36 


2.5 


80 


92 


89 


80 






4.1 


70 


96 


89 


88 


Validation cohort 














Paraesophageal tissues 


16 


4.1 


88 


75 


81 


78 


RRLN 


14 


4.1 


50 


88 


71 


75 


Subcarinal tissues 


19 


4.1 


100 


77 


84 


67 


RRLN, right recurrent laryngeal nerve; LGA, left gastric artery; LN, lymph node; PPV, positive predictive value. Other footnotes as in Table 2. 



for an SUVmax 5=4.1 . In the validation cohort, a poor sensitivity was 
obtained for the right recurrent laryngeal nerve site (50%). 

Discussion 

The introduction of '°F-FDG PET/CT has greatly improved 
preoperative staging of esophageal carcinoma, as it has become 
possible to assess regional metabolism noninvasively with PET 
and metabolic tracers. When used with "F-FDG, PET/CT provides 
information on the focal increase in glucose metabolism associated 
with malignancies, thus facilitating the assessment of metastases in 
detectable lymph nodes'^". In other words, PET/CT, in which FDG 
PET images are fused with CT images, has an increasing role in 
detecting diseased lymph nodes that appear normal with CT alone"^'. 

Nodal staging has a significant effect on survival rates. The 
5-year overall survival rate is 42%-72% in patients with negative 



lymph nodes and 10%-12% in patients with positive lymph nodes'"'. 

In this study, we evaluated the role of FDG PET/CT in diagnosing 
lymph node metastasis in thoracic ESCC, as metastasis to the 
lymph nodes is the most important prognostic factor in esophageal 
carcinoma'"'. Both the number and the location of involved lymph 
nodes have been considered important prognostic factors'^'"'. Several 
studies previously demonstrated the advantage of PET over CT 
with respect to sensitivity in detecting nodal metastases'"'^'^ 
Furthermore, we know from recent studies that combined PET/CT 
images are superior to side-by-side PET and CT images in assessing 
lymph node metastases in patients with thoracic ESCC. Therefore, 
this approach may improve staging. Additionally, significant 
improvements in N category with PET/CT were reported by Yuan 
et a/.'"' in 2006 in a study of 45 cases. The imaging findings were 
corroborated by pathologic assessment. 

Of the 59 patients included in our study, 30 had regional nodal 
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metastases. A total of 323 metastatic lymph nodes were evaluated, 
and SUVmax ranged from 0.4 to 17.8. We used the ROC curve to 
determine the cutoff value of SUVmax that most effectively predicted 
the mediastinal lymph node metastatic status. An SUVmax cutoff 
value of 4.1 showed optimal overall performance, with a sensitivity 
of 80% and a specificity of 92%. Our results were similar to those 
reported in previous studies'" but the value of our best cutoff value 
for malignant LNs was higher than the previously reported values 2.5 
and 3.3™. When the SUVmax cutoff value of 4.1 was applied to the 
validation cohort, the sensitivity, specificity, and accuracy were 81%, 
88%, and 86%, respectively This result is acceptable because the 
values obtained showed a high accuracy in preoperatively predicting 
lymph node metastasis. 

We also compared the sensitivities, specificities, and accuracies, 
calculated for SUVmax cutoff values of 2.5 and 4.1, in assessing 
metastasis for lymph nodes at selected sites. The sensitivity, 
specificity, and accuracy varied according to the location of the 
lymph nodes; they were lower for paraesophageal lymph nodes 
than those for lymph nodes in other sites. On the other hand, 
sensitivity, specificity, and accuracy were relatively high for lymph 
nodes located around the right recurrent laryngeal nerve, cardia, 
and left gastric artery, as well as for subcarinal lymph nodes. 
The lower precision observed for paraesophageal, right recurrent 
laryngeal nerve, and subcarinal sites was probably due to the 
limited number of pathologically positive lymph nodes. This could 
be of great importance in patients with suspected locally advanced 
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